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concerned with evaluating battery status, programmed parameters, arrhythmias and therapies delivered, 26 must pull together data from multiple settings (hospital, office, remote monitoring) and multiple vendors in 27 order to manage large numbers of CIED patients. Traditional electronic health records (EHR) used for both in-28 patient and out-patient care are not well suited to managing CIED data, and stand-alone products designed 29 for this purpose struggle with mixed success to unlock the data from proprietary formats. 30
The Heart Rhythm Society (HRS) in partnership with CIED manufacturers and the EHR industry has 31 been leading an effort since 2006 to overcome these challenges by developing a standard lexicon of CIED 32 terminology 1 as well as a vendor-neutral platform for communicating CIED data across electronic systems 2 . 33
Industry participants include Biotronik, Boston Scientific Corporation, Medtronic, Inc., Abbott (formerly St. In parallel, CMS has renamed the EHR Incentive Program for Electronic Health Records (also known as 87 "Meaningful Use") to "Promoting Interoperability". 9 The work described herein supports these initiatives by 88 identifying and specifying a common, shared lexicon for CIED management, a key requirement of data 89 interoperability as outlined next. 90

Informatics of Interoperability
91
The Institute for Electrical and Electronics Engineering (IEEE) defines interoperability as the "ability of 92 two or more systems or components to exchange information and to use the information that has been 93 exchanged." 10 
94
There are two components required to achieve this: 95 M A N U S C R I P T
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Version 12-4/3/2019-FINAL 7 structured reporting include the acquisition of information as data (rather than prose) by the 131 individual closest to the data along with the use of the data for multiple purposes (e.g., procedure 132 reporting, quality assessment, registry reporting). 133
Given the incredible breadth of clinical medicine and the nuances of language, achieving 134 interoperability is a daunting task that requires a coalition of clinicians, informaticians, industry, process 135 engineers and EHR/HIT vendors. The circumscribed and definable parameters delineating CIED management 136 seem a natural fit for accomplishing interoperability. 137 
History of HRS Work on CIED Data Interoperability
141
The first stage of the work required clinicians and engineers from the four major CIED manufacturers 142 to identify the key concepts required to manage patients with these devices and then develop the CIED 143 controlled vocabulary. Participants agreed upon the vocabulary and then specified the data elements and 144 metadata of the nomenclature in a vendor neutral fashion. Once this was completed, the controlled 145 vocabulary was brought to the IEEE, the standards development organization responsible for oversight of this 146 domain of medical terminology. Per IEEE protocol, members of IEEE (engineers and clinicians) reviewed the 147 proposed new nomenclature standard and voted on approval (Figure 1 
169
IHE Connectathon 170
An essential component of developing an IHE profile is the testing of systems at IHE Connectathon 171 events leading to IHE certification. IHE Connectathons are cross-vendor, live, supervised and structured 172 testing events to advance health IT interoperability where industry leaders test implementations of IHE 173
Profiles. At a Connectathon, both sending and receiving vendors test their product to ensure that the profile 174 has been implemented correctly and that the systems are able to send and/or receive the data accurately. 175
All tests are evaluated on interoperability and conformance to IHE Profiles found in IHE's Technical 176 Data elements required for quality clinical care, such as device type, serial number, lead sensing, 217 impedances, capture thresholds, programmed settings, etc, were identified as being mandatory for reporting. 218
If the data could be provided by the device but the relevant feature had been programmed "Off," this 219 information must be communicated using the appropriate flag. 220
Data elements that were not essential for clinical care were labeled as optional. If an optional data 221 element was not available, it could be eliminated from the interoperability message while not needing to be 222 labeled "not available." Allowances were made to address different manufacturers providing similar but not 223 identical information to describe the same concept. The workgroup is expanding the nomenclature to achieve more complete coverage of CIED content, 240 to include the Universal Device Identification (UDI) 17 
Committee. 278
Example: There is tremendous variability in representing the battery longevity information among 279 manufacturers. This information may also vary between pacemakers and defibrillators from a single vendor. 280 (Table 2) . 281 
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Next Steps
298
The current state of CIED data management and the variability across the industry in reporting basic 299 device functions such as battery status adversely affects patient care and should not be accepted by patients 300 or the EP community. Implementation of the ISO/IEEE 11073 nomenclature and IHE IDCO Profile will provide 301 benefits for CIED developers/manufacturers, EHR developers, remote monitoring vendors, clinicians, clinical 302 investigators and most importantly patients. Patients will benefit from more efficient care enabled by this 303 work, allowing health care resources to focus on structured reporting and best practices for managing their 304 devices. CIED manufacturers will have a tool for the transmission of data to end-users with confidence that 305 the data are correctly understood and represented and will no longer need to partner with individual vendors 306 to develop multiple custom integration profiles. For EHR developers, it ensures that device data will be 307 received in an understandable syntax that can be formatted for display to clinicians and patients, again with 308 confidence in the accuracy of interpretation. Consistent syntax coupled with automatically populated dataM A N U S C R I P T
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Version 12-4/3/2019-FINAL 18 fields will assure data integrity by avoiding common sources of error in data transfer and entry. Clinicians will 310 be able to review aggregated data across multiple CIEDs vendors displayed in a common format within a 311 single EHR, minimizing or eliminating the need to access multiple software systems and web portals to 312 manage data from multiple CIED vendors. The benefits for clinical investigators may be even greater than for 313 clinicians. Present systems, due to the varying data encoding and display formats, make it impossible to 314 directly aggregate device data across multiple vendors, a task more readily accomplished when device data 315 are available in a common, public format and analytics tools can be developed and shared. Similar benefits 316 accrue to regulatory agencies and registries seeking to aggregate device information across multiple vendors. 317
Going forward, vendors (both of CIEDs and of EHR systems and other software systems that utilize 318 CIED data) must commit to the support of the ISO/IEEE 11073 nomenclature and IHE IDCO profile. This will 319 require the assignment of resources both to support the current standard (including tools to convert device 320 data from proprietary formats) and the development of tools for the retrieval and use of standardized data 321 via device programmers and remote monitoring websites. Ideally, such data could be readily retrieved (albeit 322 with the implementation of appropriate security measures to prevent unauthorized access) by end-users, 323 including researchers and EHR vendors. 324
Similarly, EHR developers must commit to developing software that will utilize data transmitted in 325 the standard format, and to presenting those data in a common format, thus enhancing the compatibility of 326 EHR systems across the spectrum of CIED manufacturers. 327
The first step in measuring success will be to recognize vendors who demonstrate support for and 328 compliance with the IEEE nomenclature and IDCO profile by participating in the IHE certification process. 
